Abstract: Background: To prevent adverse drug events and promote patient safety, medication reconciliation is critical in all patient care settings. The purpose of this study was to identify medication discrepancies occurring in an inpatient medicine unit and to analyze the clinical and economic benefit of clinical pharmacist and physician team collaboration. Methods: A prospective cohort study in which pharmacist attended daily team rounds and assisted with medication management and medication reconciliation on admission and discharge in an academic hospital with internal medicine residents. All interventions related to medication management were categorized based on error type, severity of harm, preventable, non-preventable and potential adverse drug events. The economic outcome associated with these medication errors was analyzed. Results: There were 160 admissions and 179 pharmacist recommendations with a 91% acceptance rate from physicians. There were 145 discharges during the study period of which 104 medication discrepancies were identified. Eighty nine of the medication discrepancies were corrected by the pharmacist within 72 hours of discharge. Pharmacist identified 11 actual adverse drug events. Cost savings from pharmacist interventions during the study period was $11,652 and cost avoidance from intercepting potential and actual adverse drug events was $256,806. Conclusion: Collaboration of pharmacist with a physician team improved medication safety and led to significant cost savings and cost avoidance.
Introduction


In 2010, The National Priorities Partnership convened by the National Quality Forum reported that approximately 3.8 million inpatient admissions and 3.3 million outpatient visits were related to serious preventable medication errors, costing approximately $21 billion [1] . Approximately $16.4 billion annually is attributed to preventable inpatient medication errors and $4.2 billion to outpatient errors [1] . Though hospitals have incorporated several strategies to minimize medication errors, including the use of electronic medical records, computerized order entry systems and bar coded medications with bedside scanning for administration, many medication errors pharmacist collaborating with an internal medicine resident team throughout the hospitalization and discharge [9] . Furthermore, there are no prospective studies performed at a VA (veterans affairs) hospital using a team based approach with internal medicine residents and clinical pharmacists.
An institutional baseline review of the discharge medication instructions at the DC VAMC (District of Columbia VA Medical Center) revealed that close to 75% of discharge instructions had medication discrepancies at the time of discharge. The reasons underlying the occurrence of the medication discrepancies were not clearly understood.
The purpose of the prospective cohort study was to identify medication discrepancies from admission to discharge occurring in an internal medicine unit and analyze the clinical and economic impact of clinical pharmacist's collaboration with inpatient physicians in medication management.
Methods
Study Setting
The DC VAMC is a teaching facility with 74 medical beds and an average of 400 discharges per month. There are six medicine teams supervised by an attending physician employed by the DC VAMC. Each medical team is comprised of a senior resident, interns, and medical students who rotate from various academic institutions for 4 weeks. Our patient population primarily consists of elderly patients, many of whom have limited education and knowledge about their diseases and/or medications [13] . Therefore, medication understanding and compliance, monitoring of therapy, and follow-up is a challenge.
The CPRS (Computerized Patient Record System) is a national electronic health record that has been in use at the DC VAMC for many years; it affords care providers access to patients' outpatient medication regimens from our own hospital, other VA hospitals, and the Department of Defense Medical System. All medications ordered through CPRS are verified through the Veterans Health Information Systems and Technology Architecture (VistA) by pharmacists and are visible to providers on CPRS. It is therefore important for care providers to collaborate with pharmacists before orders are verified to prevent medication errors and improve patient care.
Data Collection
This study was approved by the DC VAMC Institutional Review Board and conducted for 3 months from August 1st 2012 to October 31st 2012 in one of the six teams on the internal medicine wards.
Baseline data collection consisted of printed computerized outpatient medication lists on admission for all patients on the study team. The list helped identify medication discrepancies by capturing all medication information including inpatient, outpatient, and non-VA obtained medications. After this data was collected, the clinical pharmacist on the study team interviewed patients to obtain a complete medication history and used this in addition to the computerized record to reconcile medications at the time of admission. The pharmacist also monitored inpatient drug therapy, attended team rounds and assisted with discharge medication reconciliation and discharge orders. The pharmacist reviewed all discharges on the intervention team and resolved discrepancies either prior to or within 72 hours of discharge. The pharmacist counseled all patients about their discharge medications prior to discharge except those patients discharged outside of the pharmacist's normal work hours. The pharmacist also contacted high-risk patients after discharge, reminded them to keep their clinic appointments, and reiterated the importance of medication compliance. All interventions related to medication management during the study period were documented in the computerized patient profile.
Data Analysis
Using a consensus approach, all recommendations related to medication management were categorized [14] . This categorization involves nine categories of medication errors based on severity and patient outcomes; NCC-MERP category A to C do not cause harm, category D errors require monitoring to preclude harm and category E-I are potential harm categories. Adverse drug events (ADEs) identified and intervened upon by the clinical pharmacist were classified into preventable versus non-preventable using criteria from Shumock and Thornton [15] . Preventable ADEs are drug events that produce harm and are related to medication errors, lack of monitoring and drug interactions. Non-preventable ADEs are idiosyncratic reactions to a drug that could not be avoided [15] [16] [17] . Potential ADEs are medication errors that have the potential to cause harm, but were intercepted by pharmacist's intervention or before reaching the patient [16, 17] . Our events were assigned probability of harm scores which were adapted from other studies [3, 7, [18] [19] [20] with few modifications and ranged from 0.1 to 1. A probability of harm score of 1 was given to an actual ADE identified and intercepted by the clinical pharmacist [3, 7] . For potential ADEs, the probability of harm score was set at 0.1 (for low probability), 0.5 (intermediate) and 0.9 (high) (Appendix A).
The economic impact of the pharmacist interventions was evaluated by using direct cost savings and an estimate of indirect cost avoidance. To calculate cost avoidance, the probability of harm scores for actual ADEs were multiplied by the number of interventions and the estimated cost of preventable and non-preventable ADEs as reported by Bates et al. [16] . The cost of a preventable ADE was estimated as $6,701 and a non-preventable ADE $3,712 after adjusting for inflation using the 2012 consumer price index. The cost avoidance from interventions related to potential ADEs was calculated by multiplying the probability of harm score by the number of interventions and the cost of a preventable ADE.
Cost savings was calculated by multiplying the differences in medication acquisition costs related to the interventions by the duration of therapy as described by Lee et al. [7] . Labor cost of $3.73 for filling and processing each prescription was added to this value. The labor cost estimate was based on data collected by Lee et al. [7] and adjusted for inflation using the 2012 consumer price index. Because our costs may be lower at the VA health system, we calculated cost savings if the same interventions had occurred in a neighboring hospital.
The direct medical costs incurred to the hospital for the treatment of ADEs were calculated from the actual cost of the individual patients' hospitalization obtained from the business office at our institution.
Results
The study team had 160 admissions during the three-month period and 179 pharmacist recommendations with a 91% acceptance rate from physicians. The majority of discrepancies noted during the inpatient stay were related to incorrect medication dosing, untreated diagnosis, drug omissions, and ADE's (Fig. 1 ). There were 145 patients discharged and 104 discharge related medication discrepancies identified. The most common discharge related medication discrepancies were lack of notification to the patient about medication changes, inaccurate discharge medication lists, and extraneous medication (Fig. 2) . Eighty nine of these errors were corrected by the pharmacist within 72 hours of discharge. Of the 145 discharges, 97 patients had no medication discrepancies at the time of discharge and an additional 39 patients had no discrepancies after correction by the pharmacists prior to the patient's discharge or within 72 hours of discharge. Recommended to discontinue hydralazine, clonidine. Start spironolactone for aldosteronism.
S Drug-disease interaction
Patient with cirrhosis, portal hypertension, esophageal varices and gastroduodenitis was admitted with hemoglobin of 6.5 gm/dL and was on naproxen 375 mg twice daily before admission.
Naproxen was not discontinued from the outpatient profile on discharge.
Recommended to discontinue naproxen.
S
Wrong drug use instructions/duplicate treatment COPD exacerbation: Patient was admitted for exacerbation of chronic obstructive lung disease (COPD).
1. Reviewing the chart, it was identified that patient was using aero chamber with budesonide/salmeterol inhaler as instructed by the clinic. Since this inhaler comes in dry powder, aero chamber would be a wrong drug delivery system. 2. Two inhaled steroids were ordered. Recommended to discontinue the aerochamber and mometasone and increase budesonide/salmeterol to the recommended dose for COPD.
IS Drug omission
Patient with atrial fibrillation controlled on diltiazem 360 mg daily at home and diltiazem was not started on admission.
Recommended to restart diltiazem. 0.5 IS NCC-MERP categorization D, E and F were selected for assigning probability of harm scores and cost avoidance calculation. The medication error in the I category was excluded since the error occurred during off duty time of the clinical pharmacist and there was no intervention. Assigning a probability of harm score for eight recommendations in category D was deemed too difficult by the primary investigator and excluded from analysis. There were 11 actual ADEs identified and intervened by the clinical pharmacist. Five ADEs were preventable and six non-preventable. Table 1 lists a few examples of selected interventions by the clinical pharmacist. There were 15 interventions related to anticoagulants. They involved duplicate treatment with warfarin and LMWH (low molecular weight heparins) despite therapeutic and supra-therapeutic INRs, drug interactions necessitating dose adjustments, continuation of warfarin beyond the necessary treatment duration, discharge of patients without instructions on restarting warfarin, and dose/frequency errors with injectable anticoagulants.
Cost savings from pharmacist interventions during the 3 months study period in the team were $11,652 (Table 2) , which would have been approximately $27,610 if the same study and interventions were conducted in a nearby private hospital. This difference was due to the lower acquisition cost of the medications available to us as a government hospital. The cost avoidance from intercepting actual and potential ADEs was $256,806.
The direct cost incurred to our hospital for the treatment of the 11 actual ADEs during the study period was $186,121. The extrapolated cost over a year on all six inpatient teams would have been approximately $4.5 million.
Discussion
Medication errors are common and our study highlights collaboration between pharmacists and physicians can have a significant impact on clinical and economic outcomes. The pharmacist identified 11 actual adverse events and 76 potential ADEs which would have remained unrecognized by the care providers, likely resulting in recurrent ADEs and possibey readmissions. These were associated with significant cost avoidance due to early identification of the adverse events. There were 104 discharge-related interventions which included correction of incomplete/inaccurate discharge instructions, alerting patients of medication changes and updating outpatient medication lists. These discharge related interventions were not included in our cost avoidance calculation due to difficulty in assessing prospective harm that might occur in the absence of pharmacist interventions. Therefore, it is likely that these interventions would have had even greater economic impact than our calculations suggest, by preventing ADEs and potential readmissions. Of note, the probability of harm scores in the study did not necessarily correlate with the severity of the medication errors based on NCC-MERP categorization. For example, the intervention in which a patient continued to receive warfarin for 7 months beyond the required treatment duration was MERP category E, but was given a probability of harm score of 0.9. Another patient who had an INR of 4.0 on admission and continued to receive enoxaparin while warfarin was on hold received a probability of harm score of 0.9, but was in the MERP category D.
Prospective data collection, the availability of an electronic health record, access to medication information from various sources such as primary care, other VA's, Department of Defense are all advantages of our study. Furthermore, the investigators were able to identify the actual cost of an adverse drug event.
Cost savings and cost avoidance related to medication errors may also be generalizable to other practice areas within the Veteran's Administration and similar academic settings.
Our study has various limitations. The probability of harm score was based on a scale used in other studies with minor modifications. A degree of subjectivity was involved in determining the probability of harm scores since they depend on patient risk, comorbidities, medication dose, medication side effects, indication for treatment and speculation of potential harm.
Methods used for cost avoidance and cost savings calculations were another limitation of our study. Cost savings were calculated based on the cost of the medications and did not include additional equipment such as intravenous fluids needed for medication delivery. The additional cost incurred related to pharmacist interventions was not deducted from the cost savings calculation since this cost was negligible. The pharmacist salary was not subtracted from the cost savings since the pharmacist was assigned to work in the inpatient medicine unit. The extra hours the pharmacist used for patient care during the study period beyond the regular work schedule were also not considered in cost savings calculations. For cost avoidance calculations, we used the cost of an ADE provided in the study by Bates et al. [16] , which was based on a private setting. This may have over-estimated our cost avoidance values since we are a government facility. Since it was difficult to determine how many discharge related discrepancies would have actually resulted in clinically significant ADEs in the absence of the clinical pharmacist intervention, only 11 out of the 89 discrepancies corrected by the pharmacist were selected for cost avoidance calculations.
Our study period was short and the sample size was relatively small. The study involved a single pharmacist and one medical team which may not reflect variability in individual skills and experience. The intervention team was blinded to the study, yet the presence of a clinical pharmacist rounding with the team may have introduced bias. Future research could involve multiple veteran sites, a larger sample size, and evaluation of patient specific interventions.
Conclusion
Collaboration of a pharmacist with a physician team showed a reduction in medication errors and had a significant impact on cost savings. The cost savings and cost avoidance generated by the pharmacist justified the expense of additional clinical pharmacist coverage of the medicine units and demonstrate the need for stronger collaboration between the care providers and the clinical pharmacists.
